To determine the independent associations of dietary preference for fat with obesity without the confounding by genetic effects. DESIGN: Descriptive comparison of the responses of monozygotic twins discordant for obesity to questions concerning current and past preference for dietary fat, current overconsumption of fatty items and recalled food consumption compared to the cotwin. SETTING: The Research and Development Centre of the Social Insurance Institution, Finland. SUBJECTS: Twenty-three healthy monozygotic twin pairs who were discordant for obesity (BMI difference at least 3 kg=m 2 ). MAIN OUTCOME MEASURES: Obesity status of the twin, as a function of the current and recalled dietary preferences and selected psychosocial variables. RESULTS: The obese twins reported current preference for fatty foods three times more frequently than the lean co-twin. Moreover, when comparing recalled taste for fat at the time the twins left their parental homes, both the obese and lean cotwins consistently recalled that the obese twin had greater preference for fatty foods in young adulthood, and that the lean twin had less. Psychological characteristics of lean and obese co-twins did not differ. CONCLUSION: Acquired preference for fatty foods is associated with obesity, independent of genetic background. Modification of fat preferences may be an important step in the prevention of obesity in the general population.
Introduction
It is well known that body fatness is influenced by both genes and environmental factors, such as food intake and physical activity level. These lifestyle factors are determined not only by environment but also by genetics, with heritability of up to 50 -70%. 1 Furthermore, genes may modify the effects of lifestyle influences on weight development. For instance, in a Swedish cohort study, women who were obese and had family history of obesity experienced 10 times higher risk of weight gain than non-predisposed women when exposed to a high-fat diet.
2 Similar gene -environment interactions have been observed in relation to physical activity and weight gain in a cohort of male Finnish twins. 3 Given the complexity of these interactions, it is very difficult to disentangle the effects of genes from those of lifestyle. One strategy for documenting the independent effect of the environmental factors to weight development is to control for genetic variation by studying monozygous twins who are discordant for relative weight. We therefore examined dietary habits and preferences in 23 pairs of healthy identical twins who had, on average, a 7 kg=m 2 difference in body mass index (BMI).
The primary hypothesis of the present analysis was that current and past difference in preferences for high fat foods may be related to the different phenotypes of genetically similar twin pairs. Secondary hypothesis were that differences in current meal pattern and tendency to overeat could further explain these differences.
Subjects
The Finnish Twin Cohort includes all pairs (4307 monozygous, 9581 like-sexed dizygous pairs) of twins born in Finland before 1958 and alive in 1975. 4 Based on a questionnaire mailed to the twins in 1990, identical pairs born between 1932 and 1957 and discordant for obesity were identified. Discordance for obesity was defined as a BMI difference of at least 4 kg=m 2 . In addition, the BMI of the heavier and leaner co-twins, respectively, was required to be > 27 and < 25 kg=m 2 . Twins with a history of diseases or medications possibly affecting weight were excluded. All (n ¼ 56) eligible twin pairs were invited to take part in the present study; 28 pairs were examined. The physical examination revealed that two of the pairs had a BMI difference < 3 kg=m 2 , and they were excluded. Three other pairs had a BMI difference between 3 and 4 kg=m 2 , and they were included in the study. The obese co-twin of one pair was found to have previously undiagnosed diabetes, and this pair was excluded. The zygosity of the twin pairs was originally estimated on the bases of self-administered questionnaire that was validated earlier by examination of 11 blood group markers. To confirm the monozygosity of the pairs an expert did dermatoglyphic analysis of fingerprints. All but six pairs were confirmed to be monozygotic. Samples of DNA from these six pairs were typed for markers at six different polymorphic gene logi (DIS 80, APOB, DI7S30, COL2AI, VWA and HUMTH; the method is described in more detail in Hakala et al. 5 Four of the six pairs were found to be monozygotic; the other two were dizygotic and were excluded. The final study population thus consisted of 23 healthy twin pairs (14 female, nine male) with confirmed monozygosity. The mean age of the twins was 45 y (range 35 -60 y). The twins had lived apart for an average of 25 y. The study sample has been described in detail elsewhere. 5, 6 Methods All measurements and interviews were carried out during a 3-day stay at the Research and Development Centre of the Social Insurance Institution of Finland in 1992 as described previously. 5, 6 The local ethics committee approved the study, and all participants gave informed consent. Body composition was measured by underwater weighing, with correction for estimates of total body water and bone mineral mass using the bioelectrical impedance assay (BIA-101A=S, RJL System Inc., Clemens, Michigan, USA) and dual-energy Xray absorptiometry (Norland XR26, Norland Corp., Fort Atkinson, WI, USA), respectively (described in more detail in Hakala et al 5 ). In addition to a traditional diet history interview described earlier, 5 current dietary habits were evaluated in a more qualitative way via responses to a series of statements about food preferences and eating habits. To evaluate habits and preferences in early adulthood the subjects were asked to recall their consumption of the total amount of food and of 15 selected foods at the time they left the parental home (age 20 -30) and compare their own consumption with that of the co-twin. The selected foods (foodstuffs or groups of foodstuffs) were as follows: butter, margarine, fatty foods and dishes, sweet foodstuffs (eg sugar, sweets, cookies), potatoes, vegetables, fruit and berries, liquid milk products, cheese, sausage, meat, fish, egg, bread and porridge and alcoholic beverages.
Additional information concerning demographic, psychosocial, and lifestyle-related characteristics was collected by questionnaire. The twins also filled in standard psychometric questionnaires, including the Hamilton Rating Scale for Depression, 7 Beck Depression Inventory 8 and the Karolinska Scale of Personality 9 reported here. Statistical results describing intra-pair differences are based on paired t-test for continuous variables and McNemar test or chi-square test for categorical variables.
Results

Selected characteristics
Characteristics of the lean and obese co-twins including weight-related variables are given in Table 1 . As determined from the selection procedure, large differences in anthropometry and body composition were apparent in 1990. A smaller weight difference (6.0 AE 8.2 kg) was apparent already in recalled body weights of 1975. However, the obese and lean co-twins did not differ with regard to birth weight, education, employment, smoking, marital status or physical activity. Among female pairs, parity did not differ (not shown). The twin pairs were similar in their psychological ratings (Table 2) . No significant differences between the obese and lean co-twins, were seen in depression scores, or in any of the scores of the Karolinska personality scale. Obesity
Recalled consumption of selected foodstuffs in early adulthood
There was a clear difference in the recalled food consumption patterns of the obese and lean twins at age 20 -30 when leaving the parental home ( Figure 1) . Most of the obese twins recalled having eaten more than their lean co-twin at this time. High-fat foods and alcoholic beverages were recalled as being consumed more by the obese twin, and a similar trend was seen for sweet foods. The lean co-twins, in turn, often recalled having eaten less than their obese co-twins. None of the lean twins reported having eaten more fat than his or her obese co-twin.
Current eating habits
The responses to statements about current food preferences and eating habits are shown in Table 3 . The differences of current dietary patterns between the co-twins were similar to those recalled from adulthood. Specifically, preference for fatty food was reported by 52% of the obese but only by 17% of the lean twins (P ¼ 0.005), but preference for sweet foods was not statistically different (39% of the obese and 30% of lean twins). The obese twins also reported a tendency to overeat. Compared to their lean co-twins, three times as many of the obese twins agreed with the statement about eating excessively at one sitting (22 vs 61%, P ¼ 0.013). The extra consumption of the obese twins was significant with regard to sandwiches=pastries=pies, ice cream=desserts, and alcoholic beverages but not for sweet cakes, candies and soft drinks.
Discussion
The nature and clinical importance of the association between dietary fat consumption and weight regulation has been a topic of much recent discussion and controversy among nutritionists, epidemiologists, and obesity researchers. 10 -12 One model that has been used in the past to investigate this problem is the controlled feeding study. Experiments employing diets varying in fat composition have observed overconsumption of energy on higher fat diets, although often without testing the role dietary fat preference, given the aim to hold palatability constant. Figure 1 Comparison of food consumption patterns of discordant twins in young adulthood at the age of leaving the parental home, as recalled by the obese and lean co-twins. Chi square test was used for betweengroup comparison.
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Another type of study using taste-ratings of liquids of varying fat content found a positive association between direct measures of body fatness and reported preference for highfat foods. 15 Whether such associations between high-fat foods and the obese state are due to inborn or acquired fat intake behaviors is still not well understood. In the present study, an alternative model is used for studying fat preference and consumption patterns in relation to obesity. To remove effects of confounding and synergy between genes and environment, a specially selected sample of monozygotic twin pairs was studied, each of which was discordant with respect to obesity. This design made it possible to test the hypothesis that dietary fat preference may be an environmentally determined obesity-promoting condition. Our results provide consistent evidence that acquired fat preferences may contribute to differences in BMI of genetically identical individuals. Additional non-genetically determined preferences for sweet foods, alcohol and tendencies to binge eating 5 are also suggested in these data. In contrast, the role of differing psychosocial factors in this context could not be demonstrated.
There is general agreement that measurement error can be a serious limitation in interpreting studies involving dietary behaviors in relation to obesity, due to the well-documented problem of obesity-related underreporting, 16 -18 together with accumulating evidence that dietary fats may be disproportionately under-reported by the obese. 19 -22 The results presented here suggested that the obese co-twins had greater preference and early consumption of fat foods than their discordant twin pairs. Since current understanding of obesity-reported reporting biases would predict that obese co-twins would under-report their fat intakes, it may be speculated that the observed magnitude of the contrast in fat preferences of discordant twins could be a conservative estimate of the true difference. Although it is not known whether such bias exists in the present study of twin pairs, the level of agreement in early fat preferences of individual twins, reported by themselves and by their co-twins, offers further indication that the results are valid.
On the other hand, the tendency of the obese twin to under-report dietary fat intake may be offset by the push of both the lean and the obese twins to explain their obvious weight difference. The obese twin may be likely to report the obvious and expected antecedents of his=her excess weight overweigh such as eating more high-fat foods, whereas the lean twin may be likely to report the reverse.
Thus, this study augments the available evidence that dietary fat is an acquired preference with connections to obesity. Individual's fat preferences can be acquired and modified. 23 Although the twins described here recalled their fat preferences in early adulthood, this study cannot determine when these preferences developed. The possibility that these differences have very early origins cannot be excluded, although the present study found no within-pair differences in self-reported birth weight, a crude marker of early fetal environmental influences. It was of particular interest to compare the dietary findings among the discordant twins with parallel results of the psychological comparisons. The within-pair similarities in a battery of psychometric scales underscore the conclusion that the twins' personalities are similar in many ways, and therefore cannot explain why one of the twins became obese and the other did not.
These results, together with other evidence that preference for fat may be acquired, may have important public health implications. There have been suggestions that the importance of dietary fat in the development and treatment of obesity may have been overemphasized in recent years. Obesity and preference for dietary fat A Rissanen et al
The present results suggest that, in the wake of a global obesity epidemic, we should not discard the notion that low fat diets may be useful in a preventive context.
